Introduction
In recent years, methodology reflecting hemodynamics such as functional magnetic resonance imaging (fMRI) has become a focus of attention. Functional MRI measurement can observe broad sources, though it does not have a high time resolution in comparison with electroencephalogram (EEG) or magnetoencephalography (MEG).
There are two kinds of stimulus presentaion methods in fMRI measurement. One is the block design, which is given the consecutive sequence of stimuli as the target block to subjects. The other is an event-related type method. In the latter method, stimulus is presented with an interval. Most of studies use block design (1) or event-related method with short inter-stimulus interval (ISI) (2)- (4) . The reason why they used these stimuli presentations was to get signals with high intensity and to increase the number of target responses. However, it is well-known that hemodynamics appear with a delay from the stimulus onset. These results may be affected by plural stimuli around the target stimulus. For the ISI, recovery of the task-related signal intensity changes from baseline, as has been reported in previous papers. Some papers reported that the time is less than 10 seconds (5) (6) , while others that it is over 10 seconds (4) (7) . As for the analysis, time-varying activated areas in the whole brain in fMRI measurement had not been reported because functional MRI measurement has low time resolution. And so, we proposed the method by moving analysis time window to acquire the temporary change of activations (8) . An advantage of this method is that rough activation changes in the whole brain can be acquired with a small number of sampling points. In this paper, we applied this method to an analysis of data in auditory oddball paradigm and investigated the temporary change of activated areas in the brain. We show the relationship between activations in the brain and the analysis time section. We set the ISI to 10 seconds, which is longer than in previous research. The interval between two consecutive target stimuli was set from 20 to 50 seconds, average 32.5. We set the width of analysis window to 5 seconds because it takes 5 seconds to acquire one volume data; and in this paper, the analysis section was shifted by a unit of 2 seconds.
As for the auditory oddball paradigm using fMRI, some researchers have reported that various areas were activated in the brain. Linden et al. (3) reported sig- nificant increases in fMRI signal for target versus nontarget conditions observed in the supramarginal gyrus, frontal operculum and insular cortex bilaterally, and bilateral perisylvian areas in the inferior parietal and frontal lobes. Stevens et al. (4) tried to observe the temporal change by averaging the images collected at each of some consecutive time points following target presentation, and compared them to the averaged signal intensity that preceded each target stimulus.
Recently, we can find the reports related to an integrated analysis using different some modalities. Horovitz et al. (9) examined the relationship between neuronal activity, event-related potentials (ERPs), and the hemodynamic response, fMRI during an auditory oddball paradigm. They showed activated reagions in fMRI correlated or not correlated with the amplitude of the P300. Mulert et al. (12) compared the localizations of fMRI activations with the current source density acquired by low resolution electromagnetic tomography (LORETA).
The above researches are not necessarily consistent with the different stimulus characteristics and different statistical test; the results would depend on the various conditions such as the stimulus presentation method.
Methodology
In this research, we used the oddball paradigm, widely known as the common stimulus presentation method, in ERP measurement. The oddball paradigm consists of two kinds of stimuli. One is the target and the other is the control (non-target) stimulus. Normally, subjects are instructed to do a task when the target stimulus occurs. We obtained the corporation of eight healthy volunteers (all male and right-handed, average age 22.6 years-old, s.d. ±0.50 years). Subjects were inhibited in their movements, except for the button pushing task, and their conditions were monitored during the fMRI measurement. We used a 1.5T MRI scanner (Hitachi Medico: Stratis-II) with a fast switching gradient magnetic coil system (EPI (echo-planar imaging)-GE type imaging protocol). Images were acquired with a T2* enhancement EPI-GE type sequence to enhance BOLD contrast. A total of 2800 EPI functional image slices (28 slices × 100 volumes) were acquired. Parameters for acquisition of EPI functional images are as follows.
• FOV: 225 mm • TR/TE: 4600/47.5 ms • Inter TR Time: 400 ms • Total Scan Time: 1000 sec • Flip Angle 90 degree • Slice Thickness 4.0 mm • Slice Gap 1.0 mm 28 axial slices were acquired to cover the whole brain. The resolution of the EPI image was a voxel consisting of 4×4×5mm. Structual T1 images were also taken before functional MRI measurement as a normalizing process. Two kinds of stimuli are used in the oddball paradigm, here 2kHz and 1kHz tones whose durations are 100ms. The stimuli are presented at a 10 seconds interval and at the rate of 30% and 70%, respectively. We set long ISI to avoid potential overlap between consecutive stimuli. We imposed the button pushing task on subjects when the target stimulus, 2kHz tone, occurred. One measurement was done in 1000 seconds, that is, the stimulus was presented 100 times including 30 target stimuli. On the rate of target stimulus, we set the value at 30% in consideration of subject's exhaustion. In EEG auditory oddball, Duncan-Johnson et al. (10) measured the ERPs every 10% increase of the rate. According to their results, P300 component can be recognized clearly even in the case of 30%. We measured the difference of brain activity between the target response and the non-target response by using the analysing software, SPM2.
All EPI volumes were realigned to the first volume in order to correct for movement of the head during timeseries acquisitions. Realigned images were spatially normalized to the MNI (Montreal Neurological Institute) brain template (SPM2) using affine and nonlinear transformations. All images were normalized by matching to a MNI template and resliced to a 2×2×2mm voxel size using the bilinear interpolation method. Finally, all images were spatially smoothed using an 8mm full-widthat-half-maximum isotropic Gaussian kernel, to improve signal-to-noise ratio and to account for residual intersubject differences. Statistical analysis for acquisition of activation was performed on a voxel-by-voxel basis, using a general linear model approach, as implemented in SPM2. First, within-subject analysis was performed, with identical models across subjects. For model estimation, individual data were temporally smoothed using a convolution with hemodynamic response function. Also, a temporal high-pass filter with a 210 seconds cutoff was applied to remove low-frequency confounding effects, such as cardiac and respiratory artifacts. In this experiment, we used the model with a box-car convolved with the hemodynamic response function. Finally, activation areas were acquired by t-test statistical analysis. Group analysis was performed using a random effects procedure, which takes into account both random effects (within and between subject components of variance) and fixed effects (activation due to a task) to provide a better generalization to a population effect. The details concerning SPM are described on Friston's web site (11) . In this experiment, the activated areas were acquired by t-test between activations of 30 target responses and 70 nontarget responses. We set the threshold of t-value, t th , at 6.43. This corresponds to p<4.93 × 10 −7 , uncorrected. We then extracted the activated field associated with the target response. Activated areas were defined as the significant difference between activations of target and non-target stimulus as determined by t-test. The analysis was performed with three kinds of sections as shown in Fig.1. 
Results
Target-related activation is shown in Fig.2 calculated with three time analysis sections as shown in Fig.1 . Significant difference was obtained in the fMRI signal for target versus non-target conditions using the ttest. The detailed positions of the activated area in each analysis time section are displayed in Table 1 . In Table  1 , we also described the t-value, the center of the activated region in Tarailach coordinates and the activated area. Regions in parentheses indicate the neighbouring area includes the center, although the center of the region could not be labelled in Tarailach coordinates when the activated area was broad.
Discussions
In time section A, regions including superior temporal gyrus centered around inferior frontal gyrus, left precentral gyrus corresponding to BA 6, right fusiform gyrus corresponding to BA 20, bilatelally medial frontal gyrus and right inferior temporal gyrus were activated.
In time section B, we could see the activations in bilatelally cerebellum, inferior frontal gyrus, and region including left motor area.
In time section C, bilatelally postcentral gyrus, left cingulate gyrus , right cerebellum and right insula were activated.
Most prior research has reported the anterior cingulate cortex (ACC) (2) (9) (12) (13) and the bilateral supramarginal gyri (SMG) (3)-(5) (9) irrespective of the type of sensory stimuli (auditory or visual). We recognized the activation of ACC in time section C. On the other hand, SMG related to the identification of stimuli was not detected. The reason why SMG was not detected might be a setting of the threshold in the t-test and ISI.
An activated region including the left motor area was detected in time section A and B because we required subjects to press the button when the target stimulus was presented and subjects were all right-handed.
Activation in the cerebellum occurred in time section B and C. Clark et al. (2) and Muller et al. (13) also re- ported that cerebellum activation could be seen. We used the same task of pressing a button as in their experiment; therefore, it is considered that the finger movement task and cerebellum activation are related. The precentral and postcentral gyrus were the regions related to voluntary movement and somatosensory center, respectively. There are some reports for the right precentral gyrus (2) and the postcentral gyrus (3) (9) . In our experiment, activations in precentral gyrus could be seen from early stage, time section A. The other hand, activation in postcentral gyrus was prominent in time section C.
We have detected the activation in superior temporal gyrus, though the auditory cortex (BA 41, 42) activation was not recognized. We inferred that the reason why auditory cortex was not activated is because the activation was canceled out between target and non-taget responses. Superior temporal gyrus is the auditory association area. It is known that auditory understanding, that is, descrimination of target stimulus, is performed in this area. Many researchers reported about the activation in this area (3) (4) (12) (13) .
The insular cortex was reported to be activated in some studies (3) (9) (12) (13) . We have detected activation in insular in time section C.
Therefore, we considered that there is no contradiction between our result and their reports.
Conclusions
We investigated the source when the target auditory stimulus in the oddball paradigm was presented. Temporary changes of activation areas by moving an analysis time window were applied in three time sections, from stimulus onset to 5 seconds after the stimulus (time section A), from 2 to 7 seconds after (time section B) and from 4 to 9 seconds after (time section C). Eight normal subjects participated in the study, which consisted of a random series of 30 target and 70 nontarget stimuli. In our analysis, we acquired the activation areas by SPM software under conditions of p<4.93×10 −7 , uncorrected. It is thought that this threshold level was sufficient to measure the activation area, after comparing with previous reports (1)-(6) (14) .
In respect to temporal change, in time section A, regions including superior temporal gyrus centered around inferior frontal gyrus, left precentral gyrus corresponding to BA 6, right fusiform gyrus corresponding to BA 20, bilatelally medial frontal gyrus and right inferior temporal gyrus were activated. In B, we could see the activations in bilatelally cerebellum, inferior frontal gyrus, and region including left motor area. In C, bilatelally postcentral gyrus, left cingulate gyrus , right cerebellum and right insula were activated. Most of the activations were consistent with previous studies.
However, we could not see any activation on bilateral supramarginal gyri (SMG). It is possible that various parameters such as long ISI might have an effect on activation. A more detailed investigation of the relationship between the time sections for the analysis and the activation areas in the brain using measurements in a larger number of subjects is in progress.
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